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(57) ABSTRACT

To provide a numerical control device capable of directly
determining whether or not a cutting fluid is applied to a
cutting point. A numerical control device includes a deter-
mination unit configured to make, on a basis of image data
acquired when a vision sensor photographs a cutting fluid
jetted from an injection nozzle toward a cutting point,
determination of whether or not the cutting fluid is applied
to the cutting point, and an instruction unit configured to
issue an instruction to a nozzle control device configured to
control a position and an attitude of the injection nozzle on
a basis of a result of the determination of the determination
unit.

2 Claims, 3 Drawing Sheets
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1
NUMERICAL CONTROL DEVICE

This application is based on and claims the benefit of
priority from Japanese Patent Application No. 2018-085079,
filed on 26 Apr. 2018, the content of which is incorporated
herein by reference.

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a numerical control
device for controlling a machine tool.

Related Art

A machine tool including an injection nozzle in the
vicinity of a spindle to which a cutting tool is attached in
order to apply a cutting fluid to a cutting point of the cutting
tool (a point at which the cutting tool and a workpiece come
into contact with each other during machining) has been
known (refer to Patent Document 1, as an example). The
angle of the injection nozzle is required to be adjusted
according to the length and the diameter of the cutting tool.
The machine tool disclosed in Patent Document 1 acquires
the relation data between the flow rate of refrigerant or the
inclination angle of the injection nozzle and the injection
path of the refrigerant, for each of a plurality of cutting tools
in advance through experiments. In the case where an
arbitrary cutting tool is called from among the plurality of
cutting tools, the machine tool adjusts the angle of the
injection nozzle by referring to the above-described relation
data on the cutting tool.

Patent Document 1: Japanese Unexamined Patent Appli-
cation, Publication No. 2016-150399

SUMMARY OF THE INVENTION

However, the machine tool disclosed in Patent Document
1 is configured to perform control to position the injection
nozzle to an intended position so that the refrigerant is
applied to the cutting point, but not to detect whether or not
the refrigerant is directly applied to the cutting point.
Accordingly, a device capable of determining whether or not
the cutting fluid is applied to the cutting point is required, as
a more direct and reliable method.

The present invention has been made in view of the
above-described problems. The object of the present inven-
tion is to provide a numerical control device capable of
directly determining whether or not a cutting fluid is applied
to a cutting point.

(1) A numerical control device (for example, a numerical
control device 10 to be described below) according to the
present invention includes a determination unit (for
example, a determination unit 17 to be described below)
configured to make, on a basis of image data acquired when
a visual sensor (for example, a vision sensor 5 to be
described below) photographs a cutting fluid (for example,
a cutting fluid F to be described below) jetted from an
injection nozzle (for example, an injection nozzle 3 to be
described below) toward a cutting point (for example, a
cutting point P to be described below), determination of
whether or not the cutting fluid is applied to the cutting
point, and an instruction unit (for example, an instruction
unit 18 to be described below) configured to issue an
instruction to a nozzle control device (for example, a nozzle
control device 4 to be described below) configured to control
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a position and an attitude of the injection nozzle on a basis
of a result of the determination of the determination unit.

(2) In the numerical control device according to (1), the
determination unit may make the determination on a basis of
a shape of a path of the cutting fluid extracted from the
image data.

(3) In the numerical control device according to (1), the
determination unit may make the determination by pattern
matching.

(4) In the numerical control device according to (1), the
determination unit may make the determination by machine
learning.

The present invention enables to provide a numerical
control device capable of directly determining whether or
not a cutting fluid is applied to a cutting point.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram illustrating a configuration
of a machine tool including a numerical control device
according to one embodiment of the present invention.

FIG. 2A is a schematic diagram of the image data
acquired by a vision sensor when a cutting fluid is not
applied to a cutting point.

FIG. 2B is a schematic diagram of the image data
acquired by the vision sensor when the cutting fluid is
applied to the cutting point.

FIG. 3A is a diagram illustrating a modification of a
method for determining whether or not the cutting fluid is
applied to the cutting point.

FIG. 3B is a diagram illustrating another modification of
a method for determining whether or not the cutting fluid is
applied to the cutting point

DETAILED DESCRIPTION OF THE
INVENTION

One embodiment of the present invention will be
described below in detail with reference to the drawings.

The next description with reference to FIG. 1, FIG. 2A,
and FIG. 2B is about the configuration of a machine tool 1
including a numerical control device 10. FIG. 1 is a sche-
matic diagram illustrating a configuration of the machine
tool 1 including the numerical control device 10 according
to one embodiment of the present invention. FIG. 2A is a
schematic diagram of the image data acquired by a vision
sensor 5 of the case where a cutting fluid F is not applied to
a cutting point P. FIG. 2B is a schematic diagram of the
image data acquired by the vision sensor 5 of the case where
the cutting fluid F is applied to the cutting point P.

When machining a workpiece (not shown), the machine
tool 1 shown in FIG. 1 applies the cutting fluid F to the
cutting point P of a cutting tool T, specifically, to the point
which is the tip portion of the cutting tool T and which
comes into contact with the workpiece during machining.
This application exhibits effects such as reduction of friction
and cooling between the cutting tool T and the workpiece,
and allows smooth cutting.

More specifically, the machine tool 1 according to the
present embodiment controls the position and the attitude of
an injection nozzle 3 (the angle of the injection nozzle in the
present embodiment) so that the cutting fluid is applied to
the cutting point P, in the state prior to the cutting of the
workpiece, that is, in the state where the cutting tool T is
positioned away from the workpiece before the cutting tool
T approaches the workpiece, and where a spindle 2 to be
described below is not rotating. Then, whether or not the
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cutting fluid is applied to the cutting point P is determined,
on the basis of the image data acquired by the vision sensor
5. The machine tool 1 according to the present embodiment
is characterized in that the machine tool 1 determines
whether or not the cutting fluid is actually applied to the
cutting point P. The determination will be described below
in detail. After determining that the cutting fluid is actually
applied to the cutting point P, the machine tool 1 controls and
brings the cutting tool T into contact with the workpiece
while keeping the relative positions of the cutting tool T and
the injection nozzle 3, and then executes a cutting work.

The machine tool 1 includes the spindle 2, the injection
nozzle 3, a nozzle control device 4, the vision sensor 5, the
numerical control device 10, and the like.

An arbitrary cutting tool T selected among the plurality of
the cutting tools T is attached to the spindle 2 in an
exchangeable manner. The spindle 2 is controlled by the
numerical control device 10.

The injection nozzle 3 is disposed in the vicinity of the
spindle 2 so as to jet the cutting fluid F toward the cutting
point P of the cutting tool T. The position and the attitude (an
angle 0) of the injection nozzle 3 are controlled by the nozzle
control device 4. The injection nozzle 3 according to the
present embodiment is disposed to be rotatable in the
vertical direction (in the Z direction in FIG. 2A and FIG.
2B), and the angle 6 of the injection nozzle 3 with respect
to the cutting tool T is controlled (refer to FIG. 1).

The nozzle control device 4 controls the position and the
attitude of the injection nozzle 3 on the basis of an instruc-
tion issued by the numerical control device 10, to apply the
cutting fluid F jetted from the injection nozzle 3 to the
cutting point P. The nozzle control device 4 according to the
present embodiment controls the rotation in the vertical
direction of the injection nozzle 3, to control the angle 6 of
the injection nozzle 3 with respect to the cutting tool T (refer
to FIG. 1).

The vision sensor 5 acquires image data by photographing
the cutting fluid F jetted from the injection nozzle 3 toward
the cutting point P of the cutting tool T, and inputs the image
data as a signal into the numerical control device 10. The
vision sensor 5 may be fixed to the machine tool 1, or may
be attached to a robot (not shown).

The numerical control device (CNC) 10 includes a CPU
11, a memory 12, a display unit 13, an input unit 14, an
interface 15, a bus 16 and the like.

The CPU 11 is a processor for totally controlling the
machine tool 1. The CPU 11 is connected to the memory
(storage unit) 12, the display unit 13, the input unit 14 and
the interface 15, via the bus 16.

The memory 12 is configured with a ROM, a RAM, a
nonvolatile memory, and the like. The memory 12 stores the
position of the cutting point P as position data. The display
unit 13 displays information necessary for an operator. The
input unit 14 is a keyboard or the like by which various types
of instructions and data are input. The interface 15 is
connected to an external storage medium, a host computer or
the like, to exchange various types of instructions and data.

The CPU 11 includes a determination unit 17 and an
instruction unit 18.

The determination unit 17 determines whether or not the
cutting fluid F is applied to the cutting point P, by using the
image data acquired by the vision sensor 5, and inputs the
determination result into the instruction unit 18. The deter-
mination unit 17 extracts the path of the cutting fluid F from
the image data input as a signal by the vision sensor 5, and
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determines whether or not the cutting fluid F is applied to the
cutting point P on the basis of the shape of the path of the
cutting fluid F.

Specifically, in the present embodiment, the determina-
tion unit 17 focuses on the edge portions of the path of the
cutting fluid F in the image data acquired by the vision
sensor 5, and detects such edge portions by pattern match-
ing. In an example, the determination unit 17 detects the
edge portions of the path by pattern matching, and in the
case of detecting that the path of the cutting fluid F has a
linear shape (refer to FIG. 2A), the determination unit 17
determines that the cutting fluid F is not applied to the
cutting point P.

On the other hand, in the case where, in detecting the edge
portions of the path, the determination unit 17 detects that
the path of the cutting fluid F does not have a linear shape
and is bent in the middle thereof, or that the path widely
spreads and is diffused in the middle (refer to FIG. 2B), the
determination unit 17 determines that the cutting fluid F is
applied to the cutting point P.

The instruction unit 18 issues an instruction to the nozzle
control device 4 on the basis of the determination result
input as a signal by the determination unit 17.

The numerical control device 10 according to the present
embodiment including the above-described configuration
exhibits the following effects.

In the numerical control device 10 according to the
present embodiment including the vision sensor 5 intro-
duced, the determination unit 17 determines whether or not
the cutting fluid F is applied to the cutting point P, and feeds
back the determination result to the nozzle control device 4.
Accordingly, the determination whether or not the cutting
fluid is applied to the cutting point is made more directly and
reliably in comparison with the prior art.

Further, in the numerical control device 10 according to
the present embodiment, the state in which the cutting fluid
is applied to the cutting point is detected directly. Accord-
ingly, although the angle of the injection nozzle 3 for each
cutting tool T is not stored in advance in the memory 12, the
position and the attitude of the injection nozzle 3 are able to
be adjusted. In addition, the correspondence relation
between the cutting tool T and the injection nozzle 3 needs
not to be manually set in advance. Therefore, even in the
case where the data (length and diameter) on the cutting tool
T stored in the memory 12 is changed, the correspondence
relation between the cutting tool T and the injection nozzle
3 needs not to be revised.

Although the embodiment of the present invention has
been described so far, the present invention is not limited to
the embodiment described above. The effects described in
the present embodiment are listed merely as the most
preferable effects produced by the present invention. The
effects produced by the present invention are not limited to
those described in the present embodiment.

In the description of the above embodiment, the determi-
nation unit 17 makes the determination by detecting the edge
portions of the path of the cutting fluid F extracted from the
image data by pattern matching. The present invention is not
limited thereto.

In an example, the determination unit 17 may make the
determination by detecting feature points on the path of the
cutting fluid by pattern matching. Alternatively, the deter-
mination unit 17 may make the determination by detecting
the shape of the entire path of the cutting fluid by pattern
matching. In this case, the determination unit 17 extracts
feature points correlated with the shape of the entire path of
the cutting fluid F from the image data input as a signal by
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the vision sensor 5, and makes the determination on the basis
of the feature points. That is, the determination unit 17
makes the determination on the basis of the similarity
between the feature points extracted from the image data and
the feature points stored in the memory 12.

Each of FIG. 3A and FIG. 3B illustrates a modification of
a method for determining whether or not the cutting fluid F
is applied to the cutting point P. More specifically, FIG. 3A
illustrates the state in which the cutting fluid F is applied to
the cutting point P of the cutting tool T having a cutting
blade at the tip of a columnar shaft portion. FIG. 3B
illustrates the state in which the cutting fluid F is applied to
the cutting point P of the cutting tool T having a cutting
blade having a disc shape at the tip of a columnar shaft
portion. As shown in each of FIG. 3A and FIG. 3B, only the
portion of the path of the cutting fluid F from the injection
nozzle 3 to the cutting point P may be extracted, and whether
or not the cutting fluid F is applied to the cutting point P may
be determined on the basis of the position of the cutting
point P and the positions of a point J and a point K on the
edge portions of the path of the cutting fluid F.

More specifically, the edge portions of the cutting fluid F
in a range L. (a range L in the X direction in each of FIG. 3A
and FIG. 3B) from the injection nozzle 3 to the cutting point
P are extracted from the image data acquired by the vision
sensor, and the positions of the point J positioned on the
upper edge and the point K on the lower edge and the
position of the cutting point P are detected. In the case where
the cutting point P is positioned between the point J and the
point K, it is determined that the cutting fluid F is applied to
the cutting point P. On the other hand, in the case where the
cutting point P is not positioned between the point J and the
point K, it is determined that the cutting fluid F is not applied
to cutting point P. It is noted that this method assumes that
the injection nozzle 3 is directed to the center of the spindle
2. This assumption is set because, in the case where the
injection nozzle 3 is not directed to the center of the spindle
2, the cutting fluid F is not applied to the cutting point P even
if the attitude of the nozzle is adjusted.

In an example, the determination unit 17 may make the
determination by detecting the shape of the path of the
cutting fluid by machine learning. The machine learning
herein may be of supervised learning or unsupervised learn-
ing. In the case where the determination is made by machine
learning, the determination unit 17 takes the image data
acquired by the vision sensor 5 as an input value, and outputs
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a value regarding the determination result of whether or not
the cutting fluid is applied to the cutting point, on the basis
of'the enormous image data stored in advance in the memory
12.

EXPLANATION OF REFERENCE NUMERALS

1 MACHINE TOOL

2 SPINDLE

3 INJECTION NOZZLE

4 NOZZLE CONTROL DEVICE

5 VISION SENSOR

10 NUMERICAL CONTROL DEVICE

11 CPU

12 MEMORY (STORAGE UNIT)

13 DISPLAY UNIT

14 INPUT UNIT

15 INTERFACE

16 BUS

17 DETERMINATION UNIT

18 INSTRUCTION UNIT

T CUTTING TOOL

P CUTTING POINT

F CUTTING FLUID

What is claimed is:

1. A numerical control device comprising:

a memory that stores a program; and

a processor configured to execute the program to:

make, on a basis of image data acquired when a visual
sensor photographs a cutting fluid jetted from an injec-
tion nozzle toward a cutting point, a determination of
whether or not the cutting fluid is applied to the cutting
point; and

issue an instruction to a nozzle control device configured
to control a position and an attitude of the injection
nozzle on a basis of a result of the determination,
wherein

the processor makes the determination on a basis of a
shape of a path of the cutting fluid extracted from the
image data by detecting the edge portions of the path by
pattern matching.

2. The numerical control device according to claim 1,

wherein

the processor makes the determination by machine learn-

ing.
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